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S u m m a r y  
Simultaneous observations of net radiation and temperature for the entire partiaI 
eclipse were obtained at a site with maximum obscuration of 92 0/0 of the direct 
solar radiation. A strongly negative net radiation of - -96  mly/min comparable to 
nocturnal conditions (--110 mly/min) was found at minimum light. Since low- 
light levels under normal daytime conditions (thick clouds) coincide with weak 
temperature gradients, organisms with both optical and thermal sensors may show 
a confused behavior under eclipse conditions. The contribution of direct solar 
radiation to the net radiation was computed using limb-darkened solar eclipse 
functions (included in an appendix) which show considerable departures from 
the uniform disk approximation. 
Z u s a m m e n f a s s u n g  
Mikrometeorologische Beobachtungen an einer Bodenoberfl~iche w/ihrend der 
partiellen Phasen der totalen Sonnenfinsternis vom 7. M/irz 1970 
Gleichzeitige Beobachtungen der Strahlungsbilanz und der Temperatur wurden fiir 
die Dauer der partiellen Phase der Sonnenfinsternis an einem Beobachtungsort an- 
gestellt, an dem zur Zeit der maximalen Finsternis 92 0/0 der direkten Sonnen- 
strahlung ausfielen. Eine stark negative Strahlungsbilanz yon - -96  rely/rain, die 
n/ichtlichen gedingungen (--110 mly/min) entspricht, wurde zum Zeitpunkt mini- 
maler Einstrahlung vorgefunden. Da niedrige Lichtwerte unter normalen Tages- 
lichtbedingungen (bei dichter BewSlkung) mit schwachen Temperaturgradienten 
zusammenfallen, k6nnen Organismen mit optischen und thermischen Sensoren 
unter den Bedingungen einer Sonnenfinsternis unregehn~t~ig reagieren. Der Bei- 
20"* 
288 S.I. OUTCALT et al. 
trag der direkten Sonnenstrahlung zur Strahlungsbilanz wude rnittels einer im 
Anhang angeffihrten Funktion berechnet, welche auf der Randverdunkelung der 
Sonne beruht. Diese Funktion zeigt bedeutsame Abweichungen gegenfiber der 
Annahme einer gleichmgt~igen Sonnenscheibe. 
1. Introduction 
Surface heating effects in the path of a solar eclipse have been 
briefly described by GRIN~ORTEN and KANTOR [1]. In this report, 
we describe detailed micrometeorological data acquired auto- 
matically at a previously established site where a considerable por- 
tion (92 %) but not all of the direct radiation was cut off during the 
March 7, 1970 total solar eclipse. 
At the time of the event micrometeorological data were recorded on 
an 8-channel Brown Electronic Recorder as part of a programme of 
weather-soil frost observations at McCormick Observatory [2]. The 
site does not have a clear sunpath horizon and is located on a hill- 
top with an observatory dome 50 feet to the east and some trees and 
other structures to the south. As obstructions, these structures are 
not of great importance since the area of observation for the frost 
studies is a l meter square area of bare soil. The frost studies are 
thus concerned only with the environment of this test plot and no 
attempt is made to develop "representative data". During the partial 
eclipse the sun-path was relatively unobstructed, except by variable 
cloud cover at the beginning of the event, as no significant terre- 
strial obstructions were present in the near noon portion of the sun- 
path. A record of the detailed, near-surface effects of the partial 
eclipse was therefore acquired. 
1. Astronomical Circumstances and the Incident Radiation 
The direct solar contribution to the net radiation was computed by 
numerical integration using the limb-darkening coefficients listed 
by ALLEN [3], the eclipse parameters given by DUNCOMBE [4], and 
the solar irradiance parameters given by MOON [5] appropriately 
modified for earth-sun distance, water-vapor content, and revi- 
sions in the solar constant. Transmission in twelve wavelength 
ranges were considered: 0 . 3 0 - - 0 . 3 3  #,  0 . 3 3 - - 0 . 3 6 # ,  0.36--0.39/~, 
0.39--0.42/~, 0.42--0.47 #, 0 . 4 7 - - 0 . 5 5  #,  0.70--0.90/~, 0.90--1.25 ~, 
1.25--1.75 ,u, 1.75--2.5/~, and 2.5 # to 00. The standard conditions 
assumed were: pressure = 760ram, precipitable water vapor = 
0.75 cm, 300 dust particles/cm 8 and 0.28 atm-cm of ozone. These 
computations indicated that the direct solar contribution to the net 
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radiation was 780 mly/min at the beginning of the eclipse (in the 
absence of clouds) and 580 rely/rain at the end. At maximum obscu- 
ration (1334 EST) direct solar radiation still contributed 55 mly/min 
to the incident radiation. 
The effect of ignoring solar limb-darkening in calculations of the 
direct solar radiation during a partial solar eclipse can be consider- 
able, particularly for locations very near the path of totality. Since 
the results may be of interest for other investigations, we give the 
limb-darkened, as well as the uniform disk, eclipse functions for 
fifteen different wavelengths between 0.3 and l0 ~ in the appendix. 
We have tabulated the ratio of the extra-atmospheric flux of the 
eclipsed sun to the extra-atmospheric flux of the unobscured sun as 
a function of wavelength and as a (unction of the apparent angular 
distance (in minutes of arc) between the center of the sun and the 
center of the moon. The angular distance between the sun-center 
and moon-center may be calculated as a function of time for any 
location within the zone of partial eclipse. Although these results 
apply strictly to the March 7, 1970 solar eclipse, use of these values 
properly scaled for other eclipses would be preferable to the uni- 
form disk assumption. It can be seen from the appendix that limb- 
darkening "reddens" the direct solar radiation as the degree of 
obscuration increases. But even with atmospheric reddening, the 
radiation environment at maximum eclipse was never  as shortwave 
deficient as would have been the case if atmospheric extinction alone 
had been responsible for the decreased level of direct radiation. 
In the path of totality (2.4 km from the central line) light from the 
solar corona and the sky as observed at this eclipse by one of us 
(D. D. M.) was bright enough to read fine newsprint, even without 
prior dark adaptation. While skylight adds to visible light levels, 
calculation using the nocturnal surface temperature and the ob- 
served net radiation at 1930 EST show that (at maximum obscura- 
tion) skylight did not contribute more than nominally (less than 
10 ~ of the total) to the radiation environment. After  1400 EST, 
however, intense reflections from the observatory dome increased 
the net radiation above the computed value of the direct solar beam. 
3. Micrometeorological Observations 
The eight channels were cycled every 4 minutes and printed on 
chart paper using a Brown Electronic Recorder. The following 
variables were recorded: (1) N e t  Radiat ion (a polythene shielded 
net radiometer calibrated for thermal radiation and excited by a 
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bridge circuit; (2--5) Wet and Dry Bulb temperatures at 5 and 
55 cm above a bare soil surface (aspirated radiation shielded fine 
thermocouples); (6) Surface Temperature (a thermocouple dusted 
with soil to provide a homogeneous surface albedo); (7) Soil Tem- 
perature (a thermocouple 1 em below the soil surface); (8) Heave 
Meter (a bridge excited device for recording soil surface elevation 
changes by a resistance slide wire wiper circuit). 
The recorded points on the chart paper were linked by straight lines 
and sampled at 5 minute intervals. This operation produced some 
smoothing of the data. It is recognized, that during the period 
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Fig. 1. Radiation and thermal data during the solar eclipse. Note the arrow whidl 
indicates maximum obscuration 
quency was not dense enough to keep pace with rapid fluctuation 
which attended the alternate heating and cooling of the surface as 
the system was designed for more stable nocturnal conditions. 
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The record of radiation and temperature is presented as Fig. 1. The 
computed direct solar contribution to the net radiation is shown by 
the dashed line. To illustrate the magnitude and length of the 
thermal inversion in both the soil and air (which is characterized by 
heat flow toward the surface [+]  from both above and below), 
the air and soil temperature differences between the near surface 
probes are plotted in Fig. 2. To eliminate the relatively high fre- 
quency effects of air turbulence in the record a smoothing function 
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Fig. 2. Thermal  gradients during the eclipse. Note that  a positive gradient  
indicates an inversion with heat  flowing toward the surface from the indicated 
level 
(weighted .25, .50, .25) was applied to the air gradient data. The 
effect of solar reflections from the observatory dome can be seen 
after 1400 EST. 
4.  C o n c l u s i o n s  
The net radiation, soil and air temperature inversions were similar 
to clear-sky nocturnal values, but at light levels (in the visible range) 
well in excess of those present under normal diurnal conditions. For 
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example, the residual direct solar radiation at maximum eclipse for 
Charlottesville was comparable to the level on the central line of 
the eclipse some 4--5 minutes before the beginning of totality and 
after the end of totality. In spite of the fact that the sun was not 
completely covered, the net radiation balance with clear skies at 
maximum obscuration was strongly negative (--96 rely/rain) nearly 
equivalent to the minimum (--  110 rely/rain) observed during noctur- 
nal periods which bracketed the day of the eclipse. 
Under normal daytime circumstances, low levels of visible light 
coincide with total stratus cloud cover and under such conditions 
the solar radiation (slightly positive) is nearly balanced by thermal 
radiation (slightly negative). The net result is a weak positive radia- 
tion budget accompanied by very weak temperature gradients above 
and below the soil surface Organisms capable of evaluating both 
optical and thermal information recognize such a correlation (low 
light, weak gradients) as a "normal" daylight condition. The same 
organisms presented with the unusual environment of a partial solar 
eclipse (low light, strong thermal gradients near the surface) may 
react in a very confused way. The work suggests that future investi- 
gations of biological reactions during solar eclipses should include 
coordinated studies of the thermal, as well as the optical, environ- 
ment. 
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Appendix 
The table lists the ratio of the extra-atmospheric residual eclipse 
flux (F~) e to the extra-atmospheric solar flux outside eclipse (F~J o. 
For a uniform disk and limb-darkened disk for 15 wavelengths from 
0.3 # to 10 # for eighty different apparent angular sun-center to 
moon-center distances from 0.5 of arc to 32.5 of arc. The limb- 
darkening coefficients for the sun listed by ALLEN [3] were used. 
In addition, we have listed the ratio of the total incident eclipse 
solar radiation (without sky light) to the uneclipsed value for a sun 
altitude of 45 o after passing through an atmosphere with the pro- 
perties listed in the text except that the precipitable water is 2 cm 
Unifo~ 
d Disk 0.32 ~ 0.35U 
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o,37~ 0.40~ o.~5~ 0.80~ 0.80~ o.so~ 1.oo~ 1.% 2.3~ 3.0~ 9 .~  
293 
0. 9 ' o.0012 0.0003 0.0003 0.0003 0.0003 o.000~ 0.0oo5 0.0008 0.0007 0.0008 
0.9' 0.0136 o.ooh2 0.00~8 0.0058 0.0049 0,0057 0.0068 0.0078 0.0093 o.0089 
1. 9' 0,0284 0.0106 0.0&iS 0.0126 0.0120 0.0136 0.0153 0.o175 0.0203 0.o215 
1.7' 0,0437 0.o184 0,020a 0.0~15 0.0206 0,0230 0,025~ 0.02B6 0,0329 0.03~2 
2,1' 0.0593 0,027~ 0.0300 0.0315 0.0303 0.038~ 0.0365 0.O~05 0,0453 0.0476 
2,3' 0.0750 0.037q 0.0~06 0.0q24 0.0410 O.Oab? 0.0884 0.0530 0.0588 0.0614 
2,9' 0.0908 o.0482 0,0820 O.O8~l  0,0523 0.0567 0,0609 o,0661 0.0726 0.0755 
3.3' 0.1066 0.0597 O,8680 0.066a O.06h~ 0,0693 0.0739 0.07s 0,0868 O.0900 
3.7' 0.1228 0.o719 0,0766 0.0?93 0.0770 0,082~ o.0875 o,o936 O.lO12 o.10~7 
4,1'  0,1382 0.0846 0.0898 0.0927 0.0901 0.0960 0.1o13 0.1079 o.1160 0.1196 
a,5' 0.1540 0.0979 0.103~ 0.1065 0.1038 0.1100 0.I157 0"1225 0.1309 0.1347 
~,9' o.169B 0.lll6 ~.1179 0.1~08 0.1178 0.1244 0.1309 0.1373 0.1460 0.1500 
3.3' 0.1856 0.129~ 0.1320 0.1358 0.1323 0.1991 0.I~52 0.152~ 0.1613 0.1653 
5.7' 0.2013 0.1404 0.I~68 0.1503 0.i~71 0.1881 0.1603 0.1677 0.1768 0.1808 
6,1' 0.2170 0.1552 o.1618 0.1655 0,162~ 0.1694 0.1757 0.1832 o.1923 o,1964 
6. 5 , 0.2327 0.1705 0.1772 0.1830 0.1?76 0.1849 0.1912 o.1988 0.2079 o.2121 
6, 9 ' 0.2483 o.1861 0,1930 0.~967 0.1933 0,2006 0,2070 0.2145 0.2237 0,2278 
7,3' 0.2639 0.2019 0.2088 D 2127 0.2091 0,2165 0,2229 0,2304 0.2395 0,2a36 
7,7' 0.2795 0,2180 0.2250 0.2888 0,225~ 0,2326 0,2389 0,2464 0.2358 0.2595 
8.1' 0,2950 0.23~3 0,2412 0.~80 0,2h19 0.2889 0,2951 0.2625 0.2713 0.2753 
8.5' 0.3104 0.2508 0,2577 0.26~ 0,2579 0,2692 0,2713 0.2786 0,28?3 0.2912 
8,9' 0,3259 0.2675 0,27~3 0.2780 0.2745 0,2817 0.2877 0,2948 0,3033 0.3071 
9,3' 0,3412 0.28~3 0.2910 0.2986 0,2912 0,2983 0,3041 0,3110 0,3193 0.3230 
9.7' 0.3565 o.3o13 0.3078 0.311~ 0,3080 0,3189 0.3206 0.3273 0.3353 0,3389 
1D.l '  0.3718 0.3188 0.32~7 0.3282 O.3249 0.3316 0,3371 0,3~36 0.3513 0.3588 
10,5' O.3870 0.3356 o.3417 0.3451 0.3819 O.3483 0,3538 o,9589 o.3673 O.3707 
[o.9 0.4o21 0.3528 0,3587 o.36~9 0,3589 o.3651 O,3702 o.3~62 0,3833 0.3865 
11.3' 0.~171 0.3702 0.3758 0.3789 0.3760 0,3819 0.3867 0.392~ 0.3992 0.~023 
11.7' 0.~321 0.3875 0.9929 0.3958 0.3930 0,3987 0.8033 O.4O89 0.~151 0.~180 
12.1 '  0.~70 0.4089 0.~100 0.ai28 O,alO1 0,~158 O,at98 0.~2~9 o.~31o 0.~338 
12.5' O.4618 O.~223 O.~27t O.~297 O.~272 0.~323 O.~363 O-~all O.~68 O.~89~ 
12.9' O.4769 0.~397 O.4~42 O.~66 O.4~3 0.~90 O.~5~8 O.4573 O.8626 O.~690 
13.3' O.491~ 0.~371 d.~618 O-~635 O.~613 0."657 0.0692 O-0733 O.q783 0.~805 
13.7 t 0.3058 O.~?~ O.~782 O.~803 O.~783 O.~823 0.0835 o.,89~ 0.,939 0.~959 
14-I t 0-3203 O.4917 O.~932 O-~970 O.~953 o.~989 0.5o18 0.5o53 O.5O9~ 0.5113 
I~. 5 ' 0.9346 0.5089 O.9120 0.5137 0.5121 O.515~ 0.5180 0.5211 0.w 0.9266 
14. 9 ' 0.5489 O.9260 0.5288 0.9303 0.5289 O.5318 0.5301 0.5969 0.9~O2 O.5~17 
15. 3 ' 0.8631 0.5~31 0.5~85 0.5~68 0.5~55 0.~80 0.5501 0.9926 O.8985 0.5568 
15.7' 0.5772 0.5600 0.5620 0.5631 0.9621 0.56~2 0.5660 0.5681 0.5706 0.5717 
16,1' 0,5912 0,5768 0.978~ 0,579~ 0,5785 0.5803 0,5818 O.5835 0.5856 0.5866 
16,5' 0,6051 0.583q O.5948 0.8985 0,594~ o.5962 0,597~ o.5988 O.6003 0.6O13 
16~9' 0.6668 0,6669 0.6669 0,6669 0,6669 0.6669 0,6669 0.6668 0.666B 0,6668 
17.3' 0.6726 0.6731 0.6721 O.6730 0.673~ 0.6738 O.673O 0.6728 0.6728 0.6727 
17,7' O.6?9O 0,6803 0.6802 0.6800 0,680~ 0,680q 0.6788 0,6797 0.6795 O.6?94 
i8 .1 '  O.6862 0.6885 0.6881 ~.6880 o.6881 o,6878 o.6876 o.6872 0.6870 0.6869 
18,5' 0.6939 0.6975 0,6970 0.6967 g.697o o.6965 0.6961 0.6957 0,6982 O.6950 
18.9' 0.7023 0.?073 0,7066 0,7062 0.7066 0,7059 O,7O54 0.7048 0.7o~1 O,7038 
19.3' 0.7113 0.7179 O,?L70 ~.?165 g.7170 0.716o o.7153 0.7&85 o.7136 0.7132 
19.7' O.7207 0.?~91 0,7280 0.?2?~ 0.7280 0,7268 0.7259 0.7~49 0,7237 O.7232 
20,1' 0,?307 O.74O9 o,?395 0.7388 O.7398 0,738I o,737o O.735B 0.73~3 o.7337 
20. 5 ' 0.7410 0.7532 0.7516 0.7507 0.7515 O.74s O.7486 O.7871 0.?054 0.74~6 
20,9' 0.7518 0.7658 0.?639 0.7629 0,763s 0,7620 o,76o5 0,7588 0.7569 0,756O 
21,3' 0,?628 0.7787 o,7766 0.775~ O,7?66 O.7744 o,7728 0.7708 0.7686 0,7676 
21.7' o,77~1 0.7917 0.789 ~ 0.7881 0.7893 0,7870 0,7851 0.783O O.?805 o.?79 a 
22.1' 0,7855 0.80~6 0,8021 o.8088 0,8021 0.7996 0,79?6 O,7952 0.7926 0.7913 
22.5' 0,7970 0.8174 0,81~8 0.813~ 0,81~ 8 0,8!21 0.8100 0,8875 0.8o48 0.8032 
22, 9 ' 0.8083 0.8299 0.8272 0.8287 0,8271 0.82~3 0.8220 0.8194 0,8183 0,8149 
23,3' o.8196 o.8422 0.839~ 0.8378 0.8393 o.8364 0,834O o.8313 O.8280 o.8266 
23,7' O,8307 o.85~1 0.8512 0.8~87 0.851~ O.Bb82 o,8457 o.8429 o.8395 O.8380 
24,1' 0,8916 0.8656 o.86~? O,8611 0,862? O.8596 0.8971 0.85h2 0,8507 O.8492 
28,5, 0.8523 0.8768 0.8739 0-8723 o.8738 0.8707 o.8682 0.8652 0,8616 O,86OO 
24"9' ~ ~ o.88~8 0-8830 0,88~9 0.8814 o.8789 0.8759 o.8723 0.8707 
23,3' o.873o o,~97 s 0,8950 0.8934 0.89~9 0.8918 o.8893 o,8862 O,8826 0.881o 
25.?' 0.8830 O,8018 o.9050 O.903~ 0,s O.9018 0,8992 0.8962 o,8926 O.8810 
26.1' 0.8928 0.9173 0.91~3 0 9130 0.9!4q o,9114 0.9089 0.9059 0.9O23 0.9oo7 
26.5' 0.9022 0,9264 o,9236 0,9222 0.923~ 0,92O6 o.9182 o,9152 0.9117 0.91Ol 
26.9' 0,9115 o.93~9 U,9383 0.9309 0.9322 o,9294 0.9271 0.92~2 O.9207 o,9192 
2?.3' o'92o4 o.s o,9406 0-9392 0.s 0.9378 0.9355 o.9328 0.9294 0.9279 
27.7' 0,9290 0,9506 0,948~ 0.9871 0,948~ O.s 0.9~35 O.98O9 0,9377 0,9363 
28,1' 0.9373 0.9578 0,9557 0 9545 0.8559 0,9532 0.9511 O,9486 0.9~56 0.9~42 
28.5' O.9453 0.964~ 0.9625 O 96!4 O.9628 0.9602 0.9583 0.9560 0.9531 0.9518 
28.9' 0.9929 0.8705 0.8688 O.96?8 0.9687 0.9867 0.9650 0.9828 0.9602 0.9590 
29.3' 0.960~ 0,9761 o.97~6 O.9?3? 0.97~9 o.9727 0,9711 o.9692 o,9668 0.9657 
29,7' O.9670 o,981I o,8798 0 9?91 0.9797 0.8782 o.9768 0.9791 0,9730 O.972O 
30,1' 0.9735 0.9856 O.OBa 5 0 9839 O.9848 0.9831 O.9820 0.98O5 0.9786 0,9778 
30.5' 0.979~ 0.9895 o,9886 D.98B2 0.9886 0.9875 0.9866 O.9833 0,9838 0.9831 
3o.9' o.98~9 o.9928 0.9922 0.9918 0,982& 0.9913 0,9906 o.9896 o,9884 0,9B78 
31.3' 0.9897 0.9956 0.8951 O-9999 0.9951 0.9945 0.9939 o.9932 0.9923 o.9919 
31.?' 0.9939 o.9977 o.997~ 0.99?8 0,9979 0.9970 o,996? 0.9962 0.9956 O,9954 
32.o9 0.9973 0.9991 0.9990 0.9990 0,9990 o.9988 0.9987 o.998~ 0.9982 0.998O 
32.5' 0,9996 o,9999 0,9999 0-9999 0,9999 0.9899 0,8998 0,9998 0,9998 0.9998 
0,000~ O.OOOq 0.0010 0.oo l t  0.00!1 0.0007 
0.0108 0,0112 o.0n8 0.0125 0.0129 0.0087 
0,0231 o.02qo 0.0250 0.0269 0,0270 0.0182 
0,0365 0.0378 o.0391 o.o4o8 O.Oh]8 0.0308 
0,0504 o.o518 0.O536 0,0558 0,0569 0,0432 
0,0647 o,0663 o.0684 0,o708 0.0722 0.o488 
o,o793 o.o8 l l  0.0834 o,0861 0.0876 o,06~8 
o,Os 0.0961 O,0986 O.lO!5 o.1032 0.0837 
0,1092 0.1112 0,1139 0,1167 0,1187 0.0980 
0,12~ 0.1265 0.1293 0.132a 0.1343 0.1125 
0.1400 O.lh19 0.I448 0.1481 0,1500 0.1273 
o.1551 0,7573 0.16o4 o,1637 o.1657 o.1823 
0.1707 0.1729 0.1760 0./794 0.1811~ 0.1575 
0.1863 0.1886 0.1916 0.1950 0.1970 0.!728 
0.2019 O.~0fl 3 0.2073 0.2107 0.2127 0.1683 
0.2176 0.2200 0.2229 0.2268 0,2284 0.2039 
0.2334 0.2357 0.2387 0.2421 0.2440 02197 
0.2492 0,251~ 0,25~a 0.2578 0,259T 0.2355 
0.26~0 0,2672 0.2701 0,2734 0,2757 0.2914 
0.2808 0.2830 0.2858 0,2890 0.2909 0.267~ 
0,2966 0.2987 0.3015 0,30~6 0,3068 0,283b 
0,312~1 0.314~ 0,3171 0.~202 0.3220 0.2995 
0.328i 0.3301 0.3328 0-3357 0.3374 0.3156 
0.343s 0.3458 0.3883 0,3512 0,3528 0.3316 
0.3596 0,3614 O,3639 0,3667 O.3682 0,3479 
0,3753 0.377! 0,3798 03821 0.3835 0,36~0 
0.3909 0.3926 0,39~8 0,397h 0.3988 o,3801 
0,@069 0.~082 0.~102 0.~127 0.41~0 0.3962 
0.4221 0.8236 O~4256 0.8279 O~4291 O.4122 
O.4376 0.439O O.~409 0.~I~30 O.4a~2 O.8283 
O.4530 O.~583 0.~561 O.8881 0.,392 O.4483 
0.4683 O.~696 0.~712 O.4731 0."7"1 O.~602 
0.4836 O.~887 0.4862 O."880 0.4890 O.876s 
o.~988 0,~998 0.5o12 0.5028 0,5037 0.4918 
o.5138 0~5188 0,5161 o.5176 0.518~ 0.5076 
0.5289 0.5298 0.5309 0,5322 0,3330 0.5232 
0,5438 0.58~6 0.5456 0.5468 0.5~74 0.5387 
o.9986 o. 5593 0.56o2 0.5602 0.5618 0.5542 
0.5733 0.573s 0.5747 O.5756 0.5761 0.56s 
0.5879 0.5884 0.5890 0.5898 0.5802 0.58~7 
016023 0.6028 0.6033 0,6039 0,6042 0.5998 
0.6668 0.6668 0.6668 0.6668 0.6668 0.6668 
0.6727 0.6727 0.6726 0.6726 0.6726 0,6728 
0.678~ 0.6792 O.67qP n.fs 0.6791 0.6796 
0.6866 0.6865 0.6865 0.6864 Q.8863 0.6871 
0.6846 O.69~5 0.68~3 0.6982 8.89~1 O.6954 
0.7033 0.7032 0.?030 0.7027 0.7026 0*709~ 
0.7126 0.7128 0.7121 0.7118 0.7117 0.7140 
0.722~ 0.7222 0.7238 0.7214 0.7212 0.7842 
0.7328 0.732~ 0.7320 0.7315 0.7313 0.7350 
0.7435 0.7432 0.7~27 0.7421 0.7818 0.7962 
0.7547 0.7543 0.7537 0.7530 0.7527 0.7578 
0.7662 0,7656 0.7650 0.7642 0,7638 o.7686 
O.7778 0.7772 0.7755 0.7797 0.7752 0.781? 
0.7896 0.7890 0.7881 0.7873 0.7868 0.7938 
9.801~ 0.8008 0,7999 0.7988 0,7983 0.8087 
0.813o 0.8123 0.8114 0.81o3 0.8097 0.8177 
0.8246 0.8238 0.8228 0.8217 0,8211 0.8~99 
0.8359 0,8331 0.83~1 0.832s 0.8322 0,8~10 
0.8470 0.8~62 0.8hSl 0.8439 0.8432 0.8523 
0.8578 0.8570 0.8559 0.8546 0.8538 0.8638 
o.868~ 0.8676 0.8664 0.8652 o.86~4 0.8739 
0.8788 o,8779 0.8767 0.8754 0.8747 0.8842 
o,8888 o,8879 o.8867 O,8B54 o.88~7 0,89~2 
0,9985 0,8976 0,8965 0,8952 0.89h~ 0.9039 
0,9080 0,~071 0,9059 0,9o86 0,9039 0.9133 
o.9171 o.9162 o.915l 0.8138 o.9131 0.9228 
0,9259 0,9250 0,s 0.9227 0.s 0.9309 
0.9343 0.9335 0.932~ 0.9312 0.9305 0.9391 
o.8824 0.9416 0,9~08 0.8394 0.9388 0,s 
0.95ol 0.9~9 a 0.9484 o.9473 o.9467 0.95~3 
0.9574 0.9567 0.9558 0.9548 o.8542 0.9813 
o.96~3 0.9837 0.9628 0.9619 o.9613 0.9678 
0.s 0.9?02 o.969a 0.9686 0.9681 0.9739 
0,9767 0.9762 o.s o.97h8 0.9744 0.979~ 
0.9822 0.9818 0.9812 0~9806 o.9802 0,9944 
o,9871 0.9868 0.9863 0,9858 0,9858 0.9889 
o.991~ o.9911 0.9908 0.99o4 0.9901 o,9927 
0,s 0.9949 0,9946 0,9944 0.9942 0.9959 
0.9979 0.9978 0,9977 0.9s o.9919 0.9983 
0,9397 0.9s 0.9997 0.9997 0.9996 0,9998 
as in Moon's computations [5]. While the figures listed apply 
strictly to only the March 7, 1970 total eclipse, they may be approxi- 
mately scaled to other eclipses by multiplying the angular center-to- 
center distances in the table by the ratio (angular radius of moon 
in minutes of arc + angular radius of sun in minutes of arc)/32.55. 
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